Introduction
( -)-Jasmonic acid [( -)-JA, ( lb ) ] , ( + )-7-/50-JA and their methyl esters are major representatives of a new group of plant growth regulators which occurs ubiquitously in plants [1] [2] [3] [4] [5] [6] [7] . Most of investigations dealing with the physiological potencies and modes of action were only performed with racemic mixtures of JA and methyl jasmonate (JA-Me) [8] [9] [10] , How ever, there is an increasing interest in the precise physiological and biochemical studies based on appli cation of pure enauiiuineib [1 1 , 1 2 ]. In the literature, all efforts to resolve racemic JA or JA-Me utilize their linking with optically active auxiliaries followed by chromatographic separation of the diastereomers and their subsequent hydrolysis. Thus, (±)-JA-Me has partly been resolved by acetalization with (2/?,3 /?)-( -)-butanediol [11] . Esterification with (1 S)-( -)-borneol was used to resolve racemic JA via HPLC separation of the diastereomeric esters [13] . More recently, the preparation of diastereomeric amino acid conjugates of (±)-JA have been described [14. 15] .
We now report on the use of (R )-and (S')-mandelic acid as derivatising reagents for more effective optical resolution of (±)-JA.
R esults and Discussion
Racemic JA obtained by hydrolysis of (±)-JA-Me was activated by the reaction with isobutyl chlorofor-* R e p rin t re q u e sts to D r. R. K ram ell.
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0932-0776/90/0300-0377/$ 01.00/0 mate/Et3N in THF ( -10 °C, 60 min). The mixed anhydride was reacted with one of the enantiomers of mandelic acid. The resulting mixture of the dia stereomeric (/?)-mandelyl esters 2 a and 2b ( Fig. 1 ) was separated on silica gel with solvent system A into two fractions, which were rechromatographed with solvent system B. The final purification of the dia stereomers 2 a and 2 b was achieved by chromatogra phy on silanized silica gel using an ethyl acetate gra dient in «-hexane. The purified 2b crystallized from chloroform :«-hexane (m.p. 125 -128 °C). Likewise from (S)-mandelic acid, the corresponding dia stereomers 3a and 3b (Fig. 1) were obtained. The compound 3 a could be crystallized from chloro form :«-hexane (m .p. 129-131 °C).
The diastereomers were analyzed by means of HPLC on a reverse phase column. The elution se quence of the diastereomeric compounds depends on the steric configuration of both counterparts. With -)-mandelic acid, the diastereomer of ( -)-jasmonic acid 2b (13.12 min) elutes before the dia stereomer of (-l-)-jasmonic acid 2a (14.15 min) . The retentions of the methylated diastereomers (4a, 4b) are given in Fig. 2 . The diastereomeric esters 3a and 3b containing the (5')-( + )-mandelyl moiety show the same retention but reversed order. On adsorption chromatography (silica) the diastereomers are characterized by the same elution pattern as on RPmaterial.
For the stereochemical characterization of the separated diastereomers, their optical rotatory dis persions curves were measured. As expected, the de rivatives of ( + )-JA, 2 a (a = + 8 6 .1 at 303 nm) as well as 3a (a = +72.0 at 294 nm), display positive Cotton effects of the carbonyl chromophore, whereas the diastereomeric mandelyl esters of ( -)-JA. 2b (a = -6 9 .6 at 292 nm) and 3b (a = -89.9 at 302 nm), exhibit negative ones.
However, the chirality of the mandelic acid moiety has also a strong impact on the optical properties of the diastereomers. Thus, the specific rotations of the (/?)- ( The MS fragmentation pattern of the diastereomers 2 a , 2 b , 3 a , and 3b as well as of the methyl esters 4a and 4 b is summarized in Fig. 3 .
The positive ion mass spectra (10-16 eV) [16] It should be noted that the JA enantiomers l a and l b are known to partly isomerize to the 3.7 cis form (1-iso-JA ) up to 10% [18, 19] .
The enantiomers ( + )-JA ( la ) and ( -)-JA ( lb ) were obtained from the resolved diastereomer 2a and 3a or 2b and 3b , respectively, by hydrolysis with aqueous NaOH (12 h, ambient temperature) fol lowed by extraction of the acidified mixture with chloroform, evaporation and chromatography on silica gel (solvent systems A and C). The separated enantiomers are characterized by the opposite sign of their optical rotatory curves.
Thus, the enantiomer l a is possessing a positive Cotton effect at 297 nm (a = +71.9 from 2a and a = +76.9 from 3 a ). The levorotatory enantiomer l b ex hibits a negative Cotton effect of the carbonyl chromophore (a = -72.3 from 2b and a = -76.6 from 3 b).
The MS and *H NMR data of both enantiomers are identical and coincide with results reported for authentic l b [3] . The IR spectra are determined in KBr (disc) and in CHCI3 on a Specord 75 IR (VEB Carl Zeiss Jena).
The optical rotation curves were recorded on a Jasco ORD/UV-5 Optical Rotatory Dispersion Re corder in methanolic solution. The melting points were determined on a Boetius hot-stage microscope and are corrected.
The HPLC separations were performed with an Hewlett Packard (HP) 1090 on A solution of (±)-JA (630 mg, 3 mmol) in 10 ml dry THF containing 0.45 ml E t3N was cooled to -10 °C. Under stirring, 0.42 ml isobutyl chloroformate were added. The reaction was allowed to pro ceed for 60 min. Thereafter, the suspension was fil tered and the filtrate added to 760 mg (5 mmol) (R )-mandelic acid within 10 ml anhydrous THF and 0.75 ml Et3N. The mixture was kept overnight at room temperature. After evaporation, the crude product was separated by silica gel chromatography (200 g gel, solvent system A) to provide a fraction I preferentially containing enriched 2b and fraction II consisting of enriched 2a. Rechromatography of fraction I on silica gel (solvent system B) yielded 119 mg 2b, and that of fraction II (solvent system B) afforded 133 mg 2a. After removing the solvent, both derivatives were finally purified separately on silanized silica gel (75 g) equilibrated in «-hexane using a discontinous gradient of EtOAc in «-hexane. Each of the diastereomers 2a and 2b was eluted with «-hexane: EtOAc (8:2). Racemic jasmonic acid was esterified with (5')-mandelic acid giving a mixture of the diastereomeric de rivatives 3a and 3b, which were separated by silica gel chromatography as described above. 100 mg (0.29 mmol) 2a dissolved in 2 ml MeOH were saponified with 3 ml 1 N NaOH (12 h, ambient temperature). After removal of the MeOH under vacuum and addition of 4 ml 1 N HC1, the aqueous phase was extracted five times with CHC13. The pooled extract was taken to dryness and the remain ing oil purified on silica gel (100 g, solvent system A). Fractions containing jasmonic acid were combined and evaporated. The residue (46.2 mg) was finally chromatographed on silica gel (45 g, solvent system C) yielding 33.2 mg l a . Likewise, the ester 2b gave the levorotatory enantiomer l b (35.5 mg). To a solution of 25 mg (0.0726 mmol) 3a in 0.2 ml MeOH 2 ml 1 N NaOH were added. After stirring for 1 2 h at ambient temperature, the acidified aqueous phase was extracted with CHC13. The residue of the organic extract was subjected to column chromatog raphy on silica gel (solvent system A and C) yielding 12.6 mg l a . The ( -)-enantiomer l b (11.0 mg) could be obtained from the derivative 3b by the same pro cedure. 
